ABSTRACT
mature mouse CNS. However, in the developing CNS of highly permissive suckling mice, the 
103
To generate TBEV/DEN4 viruses for simultaneous multiple targeting for homologous (mir- [designated 2x mir-124aT(1,2), mir-9T-124aT(1,2), mir-9T-124aT-124aT(1,2,3), 3x mir-115 124aT(1,2,3), 3x mir-124aT(1,2,4), 3x mir-124aT(1,2,5), 4x mir-124aT(1,2,3,4), and 4x mir- was determined in Vero cells using a plaque forming assay (PFA) as described previously (9, 33).
120
To verify the presence of the introduced miRNA-target insertions in the virus genome, RNA for 121 each virus was isolated and the consensus sequence of the genome was determined. 
RESULTS

190
Neurovirulence of TBEV/DEN4 viruses bearing a single copy of a miRNA-target.
191
TBEV/DEN4 viruses bearing a complementary target for brain-expressed miRNA (let-7c, mir-9,
192
mir-124a, mir-128a, or mir-218) were greatly restricted for neurovirulence in adult mice (15).
193
Since suckling mice have a less developed CNS and an immature immune system, they represent susceptibility of mice to these miRNA-targeted viruses.
215
Since the mir-124aT virus bearing a single target for a brain-specific and broadly expressed or 4 targets that contained a perfect complementary sequence to mir-9 and/or mir-124a miRNAs.
247
These miRNA-targets were inserted in the predicted accessible, A/U nucleotide-rich loop- target for mir-9 and one or two targets for mir-124a using the insertion sites 1 and 2 or sites 1, 2, (Table 3) . A moderate decrease in the neurovirulence was observed for the 3x (Table 3) . Furthermore, addition of a fourth mir-124a target copy 
378
The virus titer of each brain suspension was determined on Vero cells. In contrast to the efficient 379 replication of TBEV/DEN4 or mir-124aT ( Fig. 2A) , the growth of 4x mir-124aT(1,2,3,5) virus 
389
Extensive neuronal replication of the parental TBEV/DEN4 virus was evident by detection of 390 viral antigens as early as day 3 p.i. and continued to increase to a very high level throughout the 391 entire brain until day 6 p.i., when the mice became moribund (Fig. 5A) . The mir-124aT virus 392 replicated in neurons at a slower rate, apparently reaching a peak of replication on day 8 p.i. with 
402
B and F), and neuronal somatodendritic damage (Fig. 6 , B and F) were seen on day 6 p.i., the 403 time when all mice became moribund.
404
The mir-124aT virus carrying only one mir-124a target also induced neuronal 405 somatodendritic damage (Fig. 6, C 
417
Taken together, these and previous ( Fig. 3 and 4) , was unexpected. The 3'NCRs of five escape mutant viruses, one for 4x Groups of nine or ten mice were inoculated IC with the indicated dose of virus and monitored for signs of encephalitis for 21 days. Brains of moribund mice were harvested on indicated day and virus RNA was isolated from brain homogenate. To determine stability of the miRNA-target insertions in the genome, the 3'NCRs of brain-derived viruses from each group of mice were directly sequenced from brain homogenates. Results of sequence analysis of 29 escape mutant viruses are shown in Figure S3 . a Fold reduction in neurovirulence for each miRNA-target virus compared to the parental TBEV/DEN4 virus. b The estimated LD 50 of TBEV/DEN4 from previous studies (Table 1) .
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